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FIELD OF THE INVENTION 

The present invention relates to a method of 
growth of a thin film for use in a composite semi- 
conductor, and more particularly to a method of 
growing crystal for providing composite semicon- 
ductor thin films for use in microwave elements, 
photo emissive elements and/or photo receiving 
elements. 

DESCRIPTION OF THE PRIOR ART 
Problem (1 ) 

In the field of manufacturing high electron mo- 
bility transistor (referred to as HEMT hereinafter), it 
is necessary to form a thin layer of a few tens to a 
few hundreds of nm (hundreds to a few thousand 
angstroms) thickness as a channel layer. 

If there remain impurities on a surface of a 
substrate before the thin film is formed, the electric 
characteristic of the thin film layer formed on the 
substrate is lowered and the condition of the sur- 
face of the substrate appears as the characteristic 
of the thin film layer. In order to avoid such 
drawbacks, conventionally a way of thin film growth 
mentioned below has been employed. Figs. 1, 2 
and 3 are schematic diagrams showing top plan 
view of an apparatus for the process of a so called 
molecular epitaxial growing (referred to as MBE 
method) in the conventional lll-V composite semi- 
conductor. 

Referring to Fig. 1, 1 denotes a holder for 
holding a substrate 2, 3 denotes a cell shutter, 4 
denotes III group sample such as Ga or In, 5 and 7 
denote cells and 6 denotes V group sample such 
as As or P. In the method of growing lll-V group 
composite semiconductor thin film by the conven- 
tional MBE growth, the V group elements are con*, 
verted into atomic states or molecular states in the 
high vacuum growing chamber and radiated from 
the cell 7, whereby the substrate is heated up to a 
high temperature by illuminating light to the sub- 
strate 2 suppressing removal of the V group ele- 
ments from the substrate 2 so that the impurities 
situated on the surface of the substrate are re- 
moved. However in the conventional method men- 
tioned above, in order to fully remove the impuri- 
ties on the substrate, it is necessary to heat the 
substrate up higher than a critical temperature. 
Heating the substrate higher than the critical tem- 
perature may cause the substrate holder 1 to be 
heated up to a high temperature by the heat con- 
duction, resulting in increment of removed gas 
from the substrate holder 1. As a result, the back- 
ground vacuum is also badly lowered thereby 
growing the impurities greatly and the electronic 
characteristic is lowered. Besides, in case after 



growing of the thin film on the substrate 2 and 
shaping of electrodes and fine shaping in the at- 
mosphere, a top thin film layer is grown again, it is 
necessary to remove the impurities situated on the 

5 thin film of the lower layer. In this event, if the 
semiconductor chip is heated up above the critical 
temperature, there may occur an alloying reaction 
in both thin film of the lower layer and surface 
electrode metal, then the thin film of the lower layer 

io is damaged. In addition, in case the lower layer is 
formed of multi thin layers, there occurs diffusion 
of the doping atoms between the two adjacent thin 
layers and mother atoms, thereby lowering the 
electronic characteristics on the interface of the 

75 thin film and the thin film per se. 

Another MBE method of growing lll-V group 
composite semiconductor thin layer is shown in 
Fig. 2, wherein 8 is a substrate holder, 9 is a 
substrate, 10 is an ion gun, 11 and 14 are cell 

20 shutters, 12 is a III group material, 13 and 16 are 
cells, 15 is V-group material and 17 is an entrance 
for Argon gas. In the method shown in Fig. 2, Ar 
ion beam is projected by the ion gun 10 onto the 
surface of the substrate 9 by introducing the Ar gas 

25 in the vacuum device, whereby the surface of the 
substrate 9 is cleaned off without temperature rise. 
However, radiation of the Ar beam causes the 
surface of the substrate 9 to be remarkably opti- 
cally damaged and the crystal characteristic is dis- 

30 turbed, whereby a lot of defaults occur. As a result 
the crystallization and the electronic characteristic 
of the surface of the top layer grown on the sub- 
strate are lowered. 

A further approach is to use so called a vapor 

35 phase epitaxial growth as the MBE method wherein 
there is used as shown in Fig. 3 a chemical vapor 
phase etching against the surface of the substrate 
by means of reactive gas such as HCL gas imme- 
diately before the crystal growth. In Fig. 3, 18 is a 

40 substrate holder, 20 and 23 are cell shutters, 21 is 
a III group material, 22 and 25 are cells, 24 is V 
group material and 26 is an entrance to introduce 
the reaction gas. In the method shown in Fig. 5, it 
is possible to clean the surface of the substrate 

45 without causing the substrate to be heated or 
damaged. However, in the method shown in Fig. 3, 
to introduce the reaction gas into the vacuum de- 
vice causes the material forming the vacuum de- 
vice and exhausting path of the vacuum device to 

50 be undesirably etched, in addition the reaction gas 
may reacts with fine wires such as heaters. These 
phenomena invite serious problems for the stable 
operation of the vacuum device. To etch the mem- 
bers of the device other than the substrate causes 

55 to generate impurity gas, thus the electronic char- 
acteristic of the lll-V group composite semiconduc- 
tor formed after the etching is lowered. 

US-A-3 992 233 describes a method whereby 
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Group lll-V compound substrates are heat cleaned 
under vacuum conditions by heating above their 
congruent temperature about 700 * C for GaAs sub- 
strate and subjecting the substrate to at least one 
molecular beam of the material preferentially 
evaporating from the substrate thereby maintaining 
surface stoichiometry. Surfaces so cleaned may 
then have an epitaxial layer grown thereon under 
similar conditions from molecular beams. Alter- 
natively, the cleaned surface may be coated with 
cesium and oxygen to form a photocathode. 

Problem (2) 

There has been expected the possibility of 
improvement of the electric characteristics of the 
semiconductor device by accumulating alternative 
periodic construction of the growth layers of dif- 
ferent composition each having only 1 atomic layer. 
Such construction is referred to as mono atomic 
supper lattice or MSL This has been reported in 
T.Yao, J J A P 22, (1983) L 680. 

The conventional method of making the MSL is 
to alternatively open and close the shutters 3 and 
3'so as to grow the GaAs layer and AlAs layer 
alternatively periodically and to obtain a hetero 
interfaces. 

However, the hetero interfaces grown by the 
conventional method has a disadvantage that the 
surface of the hetero interface is not flat but is - 
fluctuated with more than 1 atomic thick. Such 
fluctuation or projection and recess of the surface 
of the hetero interface causes the light wave length 
radiated from a quantum well type light emission 
element to be shifted and lowering the control of 
the characteristic of the light emission element. 
Besides, in case of microwave element in which 
the current flows in parallel with the hetero inter- 
face such as a high electron mobility transistor 
(HEMT), there occurs electron scattering due to the 
fluctuation on the surface of the hetero interface, 
resulting in lowering the electron mobility and op- 
eration speed of the microwave element. Also since 
the surface of the hetero interface is fluctuated 
more than 1 atomic thick it has not been made to 
form the MSL on over all surface of the wafer of 2 
inch diameter. 

There further has been proposed to control the 
surface of the growth layer without the fluctuation 
of 1 atomic thick through observation of the grow- 
ing layer by the reflection electron beam diffraction 
during MBE growth. (Sakamoto et al J J A P 23 
(1984) L657.) However, in fact it has been impos- 
sible to suppress the fluctuation of the surface of 
the hetero interface even if the the above method 
was used. (Preliminary literature at 32 conference 
of applied physics 31P-ZA 12,(1985) P744.) 



SUMMARY OF THE INVENTION 

An essential object of the present invention is 
to provide a method of growth of a thin film layer in 

5 a composite semiconductor which enables to form 
the thin film layer having a desired characteristics. 

Another object of the present invention is to 
provide a method of growth of a thin film layer 
formed by 1 atomic layer correctly without flue- 

70 tuation of the surface of the thin layer. 

A further object of the present invention is to 
provide a method of manufacturing a thin film layer 
of the composite semiconductor in which the high 
speed electron mobility can be obtained. 

75 A still further object of the present invention is 

to provide a method of manufacturing a thin film 
layer of the composite semiconductor having only 
1 atomic thick without projection and recess by an 
easy control of the molecular beam. According to 

20 the invention, there is provided a method of molec- 
ular epitaxial growth for growing single crystal on a 
substrate situated in a growing chamber including 
the steps of: a) projecting material accommodated 
in a cell onto the substrate under a high vacuum, 

25 b) maintaining a temperature of the substrate after 
the material is applied to the substrate or maintain- 
ing a temperature after the substrate is heated up 
to a predetermined temperature, c) removing ex- 
cessive atoms which are present to form more than 

30 1 atomic layer so that 1 atomic layer is formed on 
the. substrate, and d) depositing a different material 
on the substrate so as to form a flat layer without 
projections and recesses. 

In order to solve the above problem (2), the 

35 present inventors have studied the motion of the 
atoms on the surface of the substrate. As the result 
of the observation, the following new result was 
discovered as shown in Fig. 8. Fig. 8 shows a 
result of the Auger electron spectrum analysis in 

40 the adjacent analysis chamber keeping a high 
vacuum with the background vacuum of 5 x 10~ 11 
Torr to 1 x 10 -10 Torr without taking the InP 
substrate out of the vacuum device after applica- 
tion of Ga material onto the surface of InP sub- 

45 strate under As pressure of 1.33 x 10~* to 1.33 x 
10" 3 Pa (1 x 10~ 6 Torr to 1 x 10~ 5 Torr) at the 
temperature 400 *C to 500 *C of the substrate. The 
vertical axis shows the relative peak value of the 
Auger electron intensity taking the peak intensity of 

so the Auger electron spectro of the InP substrate as 
1,0. The horizontal axis shows the time during 
which radiation of Ga material with the Ga cell 
shutter opened. In this case it is noted that the time 
shown in Fig. 8 corresponds to the time from the 

55 opening of the Ga cell shutter to the closure there- 
of. Namely in Fig. 8, the time is plotted with the 
interval of about 4 to 5 seconds, and the plot 
corresponds to 20 seconds does not mean that the 
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radiation of the Ga material for 4 seconds is re- 
peated four times but means the radiation for 20 
seconds of one time. As a whole, it is apparent that 
the longer the releasing time of the shutter or 
evaporation of Ga material, the weaker the intensity 5 
of the In peak. This means that the rate of detec- 
tion of In Auger electron at the substrate decrease 
since Ga atoms are applied on the surface of the 
InP substrate. However, in a detail, the intensity of 
the peak is reduced every 15 to 16 seconds ab- io 
ruptly. This means the following phenomenon. For 
example, from 0 second to 16 second, there is no 
variation of the peak intensity. In other words, in 
case Ga cell shutter is opened only for less the 16 
seconds, Ga atoms once applied to the surface of 75 
InP substrate is away from the surface of the 
substrate while the temperature of the substrate 
falls below a room temperature after the Ga cell 
shutter is closed during 30 minutes, then the sur- 
face of the substrate appears again. The thickness 20 
of GaAs layer when continuous growth is per- 
formed for 3 hours with the Ga molecular intensity, 
As pressure and the substrate temperature are kept 
unchanged is about 0.19 urn, therefore, the thick- 
ness of GaAs layer in case of continuous growth is 25 
2.8 A,so that the Ga As thickness corresponds to 1 
atomic thickness within the measurement error 
range. This phenomenon can be explained as fol- 
lows. 

There are formed isolated atom A and two 30 
dimensional crust B and three dimensional crust C 
on the outermost surface of the growth layer as 
shown in Fig. 9a. To the contrary, the cross sec- 
tional view at the portion near the outermost sur- 
face of the growth layer having a complete flat 35 
surface can be shown as Fig. 9b with respective to 
the atom layer level. The atoms situated on the 
outermost surface are conflicted by the four most 
adjacent atoms by the atomic bonding force. How- 
ever, the isolated atom A in Fig. 9b is conflicted 40 
only by two most adjacent atoms, and the atom in 
the end of the two dimensional crust B is conflicted 
only by three most adjacent atoms. It is noted that 
for the sake of brevity, the number of the most 
adjacent atoms are shown in Fig. 9a. In order to 45 
express correctly, it is necessary to count the num- 
ber of atoms situated in the three dimensional 
direction (the direction perpendicular to the paper). 
Therefore, the force against the isolated atom A is 
weakest, then the force against the end of the two 50 
dimensional crust B is weak. Therefore, in order for 
the atom to be released from the outermost surface 
in Fig. 9b against the whole confliction force of the 
four atoms, there is required a force greater than 
the force to be released against the isolation atom 55 
A or two dimensional crust B. In the three dimen- 
sional crust C shown in Fig. 9a, the atoms on the 
top are equivalent to the isolated atom and the 



atoms situated in the two lower atom layers are 
equivalent to the two dimensional crust. Accord- 
ingly, application of the energy such as heat en- 
ergy by heating with a heater or laser heating) 
having the amount of energy not to remove the 
atom form the flat surface of the atom level enables 
the surface to be flat as shown in Fig. 9b compared 
to the fluctuated surface as shown in Fig. 9a. 

For this purpose there may be proposed the 
following two methods. One of them is to grow the 
layer by applying a relatively strong molecular 
beam heating the substrate up to such temperature 
as to remove only the isolated atom A, two dimen- 
sional crust B and three dimensional crust C but 
not to remove the atoms from the flat surface. In 
this case, it is necessary to supply a number of 
atoms greater than the number of atoms released 
from the substrate since the atoms tend to be 
removed from the substrate if the condition of the 
crust or isolated atom is kept long time takes a 
long time before 1 atomic surface is completed. 
Therefore a relatively great molecular beam inten- 
sity is necessary. In other words, there is needed 
the intensity of the molecular beam more than such 
necessary intensity that the scattered isolated 
atoms are taken in the crust, whereby the growing 
crust forms finally complete single atom layer. In 
this method, after the radiation of the molecular 
beam is stopped, it is possible to remove only the 
isolated atoms and the crust from the outermost 
surface by keeping the substrate at the tempera- 
ture when the radiation is stopped. 

The other method is to apply the molecular 
beam with such a temperature as not to remove 
the isolated atoms and crust, subsequently to stop 
the radiation and to heat the substrate up to such a 
temperature to remove the isolated atoms and 
crust in the outermost surface after the radiation is 
stopped. In this method, the temperature of the 
substrate is relatively low, so that the efficiency of 
the use of the material is high and since it is 
possible to decrease the intensity of the molecular 
beam, so that the amount of the impurity gas can 
be decreased. However, it is necessary to modu- 
late the temperature of the substrate in response to 
the opening and closing the cell shutter. 

BRIEF EXPLANATION OF THE DRAWINGS 

Fig. 1 Is a partial top plan view of a vacuum 
device used in a conventional method of grow- 
ing a thin film layer of a composite semiconduc- 
tor, 

Fig. 2 is a a partial top plan view of a vacuum 
device used in another conventional method of 
growing a thin film layer of a composite semi- 
conductor, 

Fig. 3 is a partial top plan view of a vacuum 
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device used in a conventional method of grow- 
ing a thin film layer of a composite semiconduc- 
tor, 

Fig. 4 is a graph showing the peak value of the 
Auger electron spectra relating to a composite 
semiconductor, in which the vertical axis repre- 
sents the value dN/dE and the horizontal axis 
represents the value of electron energy, 
Fig. 5 is a partial plan view of a vacuum device 
for use in a method of the growth of thin film 
layer of a composite semiconductor, 
Fig. 6 is a cross sectional view of a composite 
semiconductor, 

Fig. 7 is a graph showing the peak value of the 
Auger electron spectra of a prior art composite 
semiconductor. 

Fig. 8 is a graph showing the peak values of the 
Auger electron spectro analysis, 
Figs. 9a and 9b are schematic diagram showing 
the condition of the atoms on the surface of the 
thin film layers, 

Figs. 10a through 10c are respectively partial 
top plan view of a vacuum device used for the 
growth of the thin film layer according to the 
present invention, 

Fig. 11 is graphs showing the relation between 
the electron mobility and the temperature in 
MSL according to the present invention and the 
conventional method, 

Fig. 12 is an example of a composite semicon- 
ductor of a hetero structure formed by the meth- 
od according to the present invention, and 
Fig. 13 is graphs showing the relation between 
the electron mobility and the temperature in the 
hetero structure of the composite semiconductor 
formed by the method according to the present 
invention and the conventional method. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Example 1 

Referring to Fig. 5, a substrate holder 27 is 
situated at the center of a cylindrical vacuum de- 
vice 27a. Placed on the front surface of the sub- 
strate holder 27 is an InP substrate. Four cylindrical 
cells 30, 33, 36 and 38 are disposed so as to 
radially project from the sylindrical wall of the vacu- 
um device 27a and they are enclosed arm pipes 
30a, 33a, 36a and 38a. Sb material 29, In material 
32 of III group material, Ga material 35 and As 
material 37 are respectively put in the cells 30, 33, 
36 and 38 which are directed toward the substrate 
holder 27 to radiate respective atomic beams from 
the materials toward the InP substrate. 

In the example 1 shown in Fig. 5, InP substrate 
28 was heated by the As* molecular beam up to 



about 400 °C for about 10 minutes keeping the 
vacuum of the area near the substrate with 1.33 x 
10~ 4 to 1.33 x 10 3Pa (1 x 10 -6 Torr to 1 x 10" 5 
Torr) and the vacuum of the background with about 

5 6.67 x 10" 3Pa (5 x 10~ s Torr), subsequently Sb 
molecular beam of about 1.33 x W* Pa (1 x 10" 8 
Torr) was radiated to the substrate 28 for about 2 
seconds. Thereafter, the cell shutter 31 of the In 
cell 33 and cell shutter 34 of the Ga cell 36 were 

10 opened so as to continuously grow the thin film of 
ln 0 .53 Gao.47 As of 0.2 urn on the InP substrate 28. 
In case where 0.2 urn of ln 0 . 53 Gao.47 As was 
formed on the semi insulation InP substrate by 
means of the example 1, the electron mobility 

75 under the room temperature was 11,000 cm 2 A/ sec 
and the carrier density was 1 x 10 11 cm' 3 . To the 
contrary, in case where the thin film of ln 0 .53 Gao.47 
As of 0.2 urn was formed on the InP substrate by 
only thermal cleaning of 400* C for 10 minutes 

20 radiating AS4 molecular beam of 1.33 x 10~ 3 Pa (1 
x 10~ 5 Torr), the electron mobility under the room 
temperature was 8,000 cm 2 /V sec and the carrier 
density was 2 x 10 16 /cm. As apparent from the 
foregoing, according to the example 1, the impurity 

25 carrier density in the semiconductor can be ex- 
traordinally reduced and the electron mobility can 
be increased and the electric characteristics of the 
ln 0 .53 Gao.47 As layer can be improved. 

30 Example 2 

The same process as shown in the example 1 
was performed except that Ga atoms were used in 
place of Sb atoms and III group molecular beam 

35 such as In molecular beam was used in place of 
Sb molecular beam. The same effect as in the 
example 1 could be obtained. 

lno.53Gao.47 As thin layer of not more than 0.2 jx 
m thick was made using the method of the exam- 

40 pie 2 in which In molecular beam was used in 
place of using Ga molecular beam. The electron 
mobility under the room temperature was 
10500cm 2 /V.sec., and the carrier density was 1.5 x 
10 13 cm -3 . In this case, it was possible to improve 

45 the electron characteristics in the thin film layer. 
The same effect could be recognized under the 
substrate temperature of 300 to 500 * C and it was 
possible to improve the electron characteristics of 
lno.53Gao.47As thin film layer. 

50 

Example 3 

Referring to Figs. 10a to 10c, in the vacuum 
device 40, Ga cell shutter 50 was opened so that 
55 Ga material 51 radiated Ga molecular beam and As 
cell shutter 52 was opened so that As material 53 
radiated As molecular beam. By the radiation of the 
Ga molecule beam and As molecular beam, GaAs 
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layer was grown on the InP substrate laid on the 
substrate holder 54 for 20 seconds. The tempera- 
ture of the substrate 53 was set at 400 • C to 500 
* C. Subsequently, a main shutter 56 of a flat plate 
disposed in from of the substrate 53 was closed to 
cut off the molecular beams radiated from the cells 
51 and 53. Since the directionality of Ga cell 57 
and In cell 58 was keen and the spread angle of 
the beam was narrow, projection of the beam to the 
InP substrate 53 could be shut off by closing the 
main shutter 56. On the other hand, the direc- 
tionality of the As atoms evaporated from As cell 
58 was broad, therefore, some number of As atoms 
entered behind the main shutter even if the main 
shutter 56 was closed and were radiated onto the 
InP substrate 53. This phenomenon could give 
such an advantage that releasing of P atoms from 
the InP substrate 53 could be suppressed by the 
pressure of the As atoms entering behind the main 
shutter 56 as mentioned above, even when the InP 
substrate 53 was heated about 400 °C to 500 *C 
with the main shutter 56 closed. After the main 
shutter 56 was closed, In cell shutter 60 was 
opened with the Ga cell shutter 50 closed as 
shown in Fig. 10 b. This condition was kept for 
more than about 1 minute. The process mentioned 
above caused the excessive Ga atoms situated on 
the most surface of the GaAs thin layer formed on 
the InP substrate to be released so that a complete 
planar grown atomic plane could be formed. During 
this process, Ga cell shutter 50 was closed and In 
cell shutter 60 was opened, whereby radiation of 
the impurity gas from Ga cell shutter 50 during 
reheating thereof could be prevented and fluctu- 
ation of the intensity of In molecular beam at the 
time immediately after the opening of the cell shut- 
ter 60 could be suppressed. 61 denotes a Ga 
material and 62 denotes a Ga cell. 
Subsequently the main shutter 56 was opened so 
as to repeat the growth of InAs layer on the thin 
GaAs layer. The same process as mentioned 
above was repeated for InAs layer and GaAs layer 
so that alternative InAs layers and GaAs layers 
each having mono atomic layer super lattice (MSL) 
were cyclicly formed. 

The electric characteristics of MSL according 
to the present invention and MSL formed by the 
conventional method were compared. The result is 
shown in Fig 11. In Fig. 11 , the curve X shows the 
characteristic of MSL made using the method ac- 
cording to Example 3 and the curve Y shows the 
characteristic of MSL according to the conventional 
method. MSL made by the method of the present 
invention enables to increase the electron mobility 
remarkably. 

A hetero structure as shown in Fig. 12 was 
prepared wherein each of the interfaces is formed 
according to the method mentioned above. Specifi- 



cally, formed on the substrate 70 is a buffer layer 
71 made of Alo.4slno.52 As layer 71, on which a 
working layer of ln 0 . 5 3 Gao.47 As layer , a spacer 
layer 73 of Alo.4slno.52 As layer and a doping layer 

5 74 of Al 0 .4 8 ln 0 .52 As layer are respectively formed in 
turn. In the process of growth of the respective 
layers 70 to 74, the condition shown in Fig. 10 b 
was kept for more than 1 minutes every time the 
respective interfaces were formed. The tempera- 

70 ture of the substrate 70 was kept between 400 " C 
and 500° C. The characteristics of the hetero struc- 
ture formed by the method according to the 
present invention and that of the hetero structure 
formed by the conventional method were com- 

75 pared. The result of comparison is shown in Fig. 
13, In Fig. 13 the curve X shows the characteristic 
of the hetero structure according to the present 
invention and the curve Y shows the characteristic 
of the hetero structure according to the conven- 

20 tional method. It is understood that the electron 
mobility of the hetero structure formed by the 
method according to the present invention is higher 
than that of the hetero structure made by the 
conventional method. Field effect transistors using 

25 MSL consisting of InAs and GaAs made by the 
present invention and the hetero structure of ln 0 .53 
Gao.47 As and Alo.45lno.52 As were also made. They 
could work with a high speed. 

An advantage of the present invention is to 

30 make the time of flattening the surface of the 
growth layer short by increasing the temperature of 
the InP substrate in place of keeping the tempera- 
ture of the substrate constant as mentioned above. 

35 Claims 

1. A method of molecular epitaxial growth for 
growing single crystal on a substrate situated 
in a growing chamber including the steps of: 

40 a) projecting material accommodated in a 

cell onto the substrate under a high vacu- 
um, 

b) maintaining a temperature of the sub- 
strate after the material is applied to the 

45 substrate or maintaining a temperature after 

the substrate is heated up to a predeter- 
mined temperature, 

c) removing excessive atoms which are 
present to form more than 1 atomic layer so 

50 that 1 atomic layer is formed on the sub- 

strate, and 

d) depositing a different material on the 
substrate so as to form a flat layer without 
projection and recess. 

55 

2. A method according to claim 1, wherein the 
step (d) includes depositing a smooth atomic 
layer of the different material in accordance 
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with steps (a) to (c) and to repeat the above 
processes. 

3. The method according to claim 1 , wherein said 
substrate is InP substrate and Ga material is 5 
deposited onto the substrate to form a mon- 
oatomic layer while maintaining the InP sub- 
strate at a temperature of 300 'C to 500 'C in 
As4 or AS2 atmosphere, subsequently the tem- 
perature of the atmosphere, subsequently the w 
temperature of the substrate is kept between 
400 *C to 600 *C so that the excessive Ga 
atoms on the surface of the monoatomic layer 
are removed to form a complete monoatomic 
GaAs layer, then the substrate temperature is 75 
kept at 250 *C to 450 °C and In material is 
deposited to more than 1 atomic thickness and 
the substrate temperature is kept between 
400 *C and 500 *C to remove the excessive In 
atoms on the surface of the monoatomic layer 20 
and to form a complete monoatomic InAs layer 
and to repeat the above processes. 



25 



30 



40 



45 



50 



55 



7 



EP 0 499 294 A1 

Fig. I PRIOR ART 



AS4 molecular beam 



Fig. 2 PRIOR ART 





t 



EP 0 499 294 A1 



Fig. 4 



dN 
dE 



AFTER HEAT-CLEANEO 
(400 w Cx0.5HR.) 



As 



_L 



0 500 I000 1500 
ELECTRON ENERGY (eV) 



Fig . 7 



dN 
dE 



J 



tf 



AFTER HEAT-CLEANED 
(400°Cx0.5HR.) 
AND 

Sb MOLECULAR 
BEAM APPLIED 
(400°Cx2sec.) 

"^^^ 

As 



In 



O 500 1000 1500 
ELECTRON ENERGY (eV) 



9 



EP 0 499 294 A1 



Fig. 5 




Fig. 6 



45 46 47 



44 43 46 45 



Go As 
Go As 



GaAs 



-f— 4 



42 
I 



39 



10 



EP 0 499 294 A1 




11 



EP 0 499 294 A1 




12 



EP 0 499 294 A1 



Fig. II 



o 
E 



Cm 2 
V- sec 




Fi g . 12 



10 100 1000 
temperature (K) 




Fig. 13 



JO 

o 
E 




1.0 100 
temperature (K) 



13 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 



EP 92 10 7691 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Cntegory 



Citdion of 



of refevent possoges 



Co doisn 



CLASSIFICATION OF THE 
APPLICATION ant. CLd) 



US- A- 4 058 430 (T. SIWTOLA ET AL. ) 

* column 2, line 5 - line 35; claims 1-8 * 

JOURNAL OF APPLIED PHYSICS. 

vol. 54, no. 10, October 1983, NEW YORK US 

pages 6047 - 6050; 

M. PESSA ET AL. : 'Atomic layer epitaxy and 
characterization of CdTe films grown on CdTe 
(110) substrates. 1 

* the whole document * 

JAPANESE JOURNAL OF APPLIED PHYSICS. 

vol. 24, no. 6, June 1985, TOKYO JP, PAGES 

L417-L420 

H. SAKAKI ET AL. : 'One Atomic Layer 
Heterolntarface Fluctuations In GoAs-AlAs 
Quantum Wall Structures and Their Suppression by 
Insertion of Smoothing Par 1 ad in Molecular Beam 
Epitaxy. ' 

* abstract * 

US-A-3 992 233 (R.F.C. FAR WW) 

* column 1, line 14 - line 54; claims 1,2 * 

US-A-3 915 765 (A. Y. CKO ET AL. ) 

* claim 1 * 

APPLIED PHYSICS LETTERS. 

vol. 36, no. 10, 15 May 1980, NEW YORK US 

pages 833 - 835; 

M.T. MORRIS: ■Composition control of Genlnl-xAs 
films grown by MBE onto InP substrates. 1 

JOURNAL OF APPLIED PHYSICS. 

vol. 52, no. 5, Way 1981, NEW YORK US 

pages 3445 - 3452; 

Y. tUfcJAtfURA ET AL. : 'Improved properties of 
InftGal-xAs layers grown by molecular-beam 
epitaxy on InP substrates.' 



HQ1L2 1/203 
C30B23/02 
C30B29/40 



1-3 



TECHNICAL FIELDS 
SEARCHED (Int. CL4 ) 



H01L 
C30B 



The nreszat scorch report bos teen £rawn up for cO deans 



Rcta of tooth 

THE HAGUE 



Ddo of cccglclfca of to e 
12 JUfcE 1992 



ZOLLFRANK 6.O. 



CATEGORY OF CITED DOCUMENTS 

X : parti culnrty relevant if taken atone 
Y : particularly relevant if combined with another 
document of tho s 

A: 
O: 

P : Interne 



T : theory or principle underlytas the invention 
E : earlier potent document, but ptifettshod on, or 

eft er the filing date 
D : docuraeat dted la tho application 
L : document dtod for other rosea* 

Ct : member of tho some potest family, correspoadttQ 



Dialog Results 



Page 1 of 8 



Dialog 



Basic Patent (Number,Kind,Date): AU 8662456 Al 870312 



Patent Family: 

Patent 
Number 

AU 8662456 Al 

AU 590327 B2 

CN 1032884 A 

CN 86106177 A 

CN 1004455 B 

CN 1009885 B 

DE 3688028 

DE 3688028 

EP 499294 



EP 215436 
EP 215436 
EP 215436 



JP 62058613 A2 
JP 62060218 A2 
JP 62069508 A2 



Kind Date 

870312 
891102 
890510 
870603 
890607 
901003 
930422 
930909 
920819 
870325 
890208 
930317 
870314 
870316 
870330 



CO 
T2 
Al 
A2 
A3 
Bl 



Application ^ 
Number 

AU 8662456 A 

AU 8662456 A 

CN 88108172 A 

CN 86106177 A 

CN 86106177 A 

CN 88108172 A 

EP 861 12487 A 

EP 861 12487 A 

EP 92107691 A 

EP 86112487 A 

EP 861 12487 A 

EP 861 12487 A 

JP 85198878 A 

JP 85200872 A 

JP 85209753 A 



Date 

860908 (Basic) 
860908 
881123 
860909 
860909 
881123 
860909 
860909 
860909 
860909 
860909 
860909 
850909 
850910 
850920 



Priority Data: 
Patent 
Number 

JP 85198878 
JP 85200872 
JP 85209753 



Kind Date 

A 850909 
A 850910 
A 850920 



CN 86106177 A 860909 



PATENT FAMILY: 



Australia (AU) 
Patent (Number,Kind,Date): AU 8662456 Al 870312 
MONO-LAYER FROM MOLECULAR BEAM (English) 
Patent Assignee: SUMITOMO ELECTRIC INDUSTRIES 
Author (Inventor): MATSUI YUICHI 

Priority (Number,Kind,Date): JP 85198878 A 850909; JP 85200872 A 850910; JP 85209753 A 850920 
Applic (Number,Kind,Date): AU 8662456 A 860908 
IPC: * H01L-021/203 
Language of Document: English 



http://toolkit.dialog.com/intranet/cgi/present?STYLE= 1 360084482&PRESENT=DB=345,AN= 12156 11/15/01 



Dialog Results 



Page 2 of 8 



Patent (Number,Kind,Date): AU 590327 B2 891102 

MONO-LAYER FROM MOLECULAR BEAM (English) 
r*\ Patent Assignee: SUMITOMO ELECTRIC INDUSTRIES 
^ Author (Inventor): MATSUI YUICHI 

Priority (Number,Kind,Date): JP 85198878 A 850909; JP 85200872 A 850910; JP 85209753 A 850920 

Applic (Number,Kind,Date): AU 8662456 A 860908 

IPC: * H01L-021/203 

CA Abstract No: * 106(24)205723S 

DerwentWPI AccNo: * C 87-081418 

JAPIO Reference No: * 1 10245E000048; 1 10245E000157; 1 10265E000078 
Language of Document: English 

China (CN) 

Patent (Number,Kind,Date): CN 1032884 A 890510 
METHOD OF GROWTH OF THIN FILM LAYER FOR USE IN COMPOSITE SEMICONDUCTOR 
(English) 

Patent Assignee: SUMITOMO ELECTRIC INDUSTRIES (JP) 
Author (Inventor): MATSUI YUICHI (JP) 

Priority (Number,Kind,Date): JP 85198878 A 850909; JP 85200872 A 850910; JP 85209753 A 850920 
Applic (Number,Kind,Date): CN 88108172 A 881123 
IPC:* HO lL-021/203;C23C-0 14/00 
CA Abstract No: * 106(24)205723S 
Derwent WPI Acc No: * C 87-081418 

JAPIO Reference No: * 1 10245E000048; 1 10245E000157; 1 10265E000078 
Language of Document: Chinese 
/ % Patent (Number,Kind,Date): CN 86106177 A 870603 

kj METHOD OF GROWTH OF THIN FILM LAYER FOR USE IN A COMPOSITE SEMICONDUCTOR 
(English) 

Patent Assignee: SUMITOMO ELECTRIC INDUSTRIES (JP) 
Author (Inventor): MATSUI YUICHI (JP) 

Priority (Number,Kind,Date): JP 85198878 A 850909; JP 85200872 A 850910; JP 85209753 A 850920 
Applic (Number,Kind,Date): CN 86106177 A 860909 
IPC: * H01L-021/00; C30B-025/02 
. CA Abstract No: * 106(24)205723S 
Derwent WPI Acc No: * C 87-081418 

JAPIO Reference No: * 1 10245E000048; 1 10245E000157; 1 10265E000078 
Language of Document: Chinese 
Patent (Number,Kind,Date): CN 1004455 B 890607 
METHOD OF GROWTH OF THIN FILM LAYER FOR USE IN A COMPOSITE SEMICONDUCTOR 
(English) 

Patent Assignee: SUMITOMO ELECTRIC INDUSTRIES (JP) 
Author (Inventor): MATSUI YUICHI (JP) 

Priority (Number,Kind,Date): JP 85198878 A 850909; JP 85209753 A 850920 

Applic (Number,Kind,Date): CN 86106177 A 860909 

IPC:* H01L-021/203 

CA Abstract No: * 1 06(24)205723 S 

Derwent WPI Acc No: * C 87-081418 

JAPIO Reference No: * 1 10245E000048; 1 10265E000078 
/~ \ Language of Document: Chinese 
<Z3 Patent (Number,Kind,Date): CN 1009885 B 901003 

METHOD OF GROWTH OF THIN FILM LAYER FOR USE IN COMPOSITE SEMICONDUCTOR 



http://toolkit.dialog.com/intranet/cgi/present?STYLE= 1 360084482&PRESENT=DB=345 ,AN= 1 2 1 56. 11/15/01 



Dialog Results 



Page 3 of 8 



(English) 

Patent Assignee: SUMITOMO ELECTRIC INDUSTRIES (JP) 
O Author (Inventor): MATSUI YUICHI (JP) 

^ Priority (Number,Kind,Date): CN 86106177 A 860909; JP 85198878 A 850909; JP 85209753 A 
850920 

Applic (Number,Kind,Date): CN 88108172 A 881123 

IPC:* H01L-021/203;C23C-014/34 

CA Abstract No: * 106(24)205723S 

Derwent WPI Acc No: * C 87-081418 

JAPIO Reference No: * 1 10245E000048; 1 10265E000078 

Language of Document: Chinese 



Germany (DE) 
Patent (Number,Kind,Date): DE 3688028 CO 930422 

VERFAHREN ZUM WACHSTUM EINER DUENNEN SCHICHT FUER EINEN 
ZUSAMMENGESETZTEN HALBLEITER. (German) 

Patent Assignee: SUMITOMO ELECTRIC INDUSTRIES (JP) 

Author (Inventor): MATSUI YUICHI OSAKA WORKS OF S (JP) 

Priority (Number,Kind,Date): JP 85198878 A 850909; JP 85200872 A 850910; JP 85209753 A 850920 
Applic (Number,Kind,Date): EP 861 12487 A 860909 
IPC: * H01L-021/203; C30B-023/02; C30B-029/40 
CA Abstract No: * 106(24)205723S 
Derwent WPI Acc No: * C 87-081418; C 92-278031 
JAPIO Reference No: * 1 10245E000048; 1 10245E000157; 1 10265E000078 
Language of Document: German 
Patent (Number,Kind,Date): DE 3688028 T2 930909 
W VERFAHREN ZUM WACHSTUM EINER DUENNEN SCHICHT FUER EINEN 
ZUSAMMENGESETZTEN HALBLEITER. (German) 

Patent Assignee: SUMITOMO ELECTRIC INDUSTRIES (JP) 
Author (Inventor): MATSUI YUICHI OSAKA WORKS OF S (JP) 

Priority (Number,Kind,Date): JP 85198878 A 850909; JP 85200872 A 850910; JP 85209753 A 850920 

Applic (Number,Kind,Date): EP 861 12487 A 860909 

IPC: * H01L-021/203; C30B-023/02; C30B-029/40 

CA Abstract No: * 106(24)205723S 

Derwent WPI Acc No: * C 87-081418; C 92-278031 

JAPIO Reference No: * 1 10245E000048; 1 10245E000157; 1 10265E000078 

Language of Document: German 



Germany (DE) - Legal Status 
Number Type Date Code Text 



DE 

3688028 
DE 

3688028 



DE 

3688028 



930422 DE 
REF 

930909 DE 
8373 



931014 DE 
8320 



CORRESPONDS TO 

EP 215436 P 930422 

TRANSLATION OF PATENT 
DOCUMENT OF EUROPEAN 
PATENT WAS RECEIVED 
AND HAS BEEN PUBLISHED 

WILLINGNESS TO GRANT 
LICENSES DECLARED 



(ENTSPRICHT) 



(UEBERSETZUNG DER 
PATENTSCHRIFT DES 
EUROPAEISCHEN PATENTES 1ST 
EINGEGANGEN UND 
VEROEFFENTLICHT WORDEN) 

(LIZENZBEREITSCHAFT ERKLAERT 
(PAR. 23)) 



http://toolkit.dialog.com/intranet/cgi/present?STYLE=1360084482&PRESENT=DB=345,AN=121 56. 11/15/01 



Dialog Results 



Page 4 of 8 



(PARAGRAPH 23) 
DE P 940414 DE NO OPPOSITION DURING 
3688028 8364 TERM OF OPPOSITION 

DE P 980917 DE CEASED/NON-PAYMENT OF 
3688028 8339 THE ANNUAL FEE 



(EINSPRUCHSFRIST ABGELAUFEN 
OHNE DASS EINSPRUCH ERHOBEN 
WURDE) 

(WEGEN NICHTZ. D. JAHRESGEB. 
ERLOSCHEN) 



European Patent Office (EP) 
Patent (Number,Kind,Date): EP 499294 Al 920819 

METHOD OF MOLECULAR EPITAXIAL GROWTH OF SINGLE CRYSTAL LAYERS OF 
COMPOUND SEMICONDUCTORS (English; French; German) 

Patent Assignee: SUMITOMO ELECTRIC INDUSTRIES (JP) 

Author (Inventor): MATSUI YUICHI (JP) 

Priority (Number,Kind,Date): JP 85198878 A 850909; JP 85200872 A 850910; JP 85209753 A 850920 
Applic (Number,Kind,Date): EP 92107691 A 860909 
Designated States: (National) DE; FR; GB; NL 
IPC: * H01L-021/203; C30B-023/02; C30B-029/40 
Derwent WPI Acc No: ; C 92-278031 
Language of Document: English 
Patent (Number,Kind,Date): EP 215436 A2 870325 
METHOD OF GROWTH OF THIN FILM LAYER FOR USE IN A COMPOSITE SEMICONDUCTOR 
(English) 

Patent Assignee: SUMITOMO ELECTRIC INDUSTRIES (JP) 
Author (Inventor): MATSUI YUICHI OSAKA WORKS OF S 

Priority (Number,Kind,Date): JP 85 198878 A 850909; JP 85200872 A 850910; JP 85209753 A 850920 
Applic (Number,Kind,Date): EP 861 12487 A 860909 
Designated States: (National) DE; FR; GB; NL 
IPC: * H01L-021/203; H01L-021/302; C30B-023/02; C30B-029/40 
CA Abstract No: * 106(24)205 723 S 
Derwent WPI Acc No: * C 87-081418 
Language of Document: English 
Patent (Number,Kind,Date): EP 215436 A3 890208 
METHOD OF GROWTH OF THIN FILM LAYER FOR USE IN A COMPOSITE SEMICONDUCTOR 
(English; French; German) 

Patent Assignee: SUMITOMO ELECTRIC INDUSTRIES (JP) 
Author (Inventor): MATSUI YUICHI OSAKA WORKS OF S 

Priority (Number,Kind,Date): JP 85 198878 A 850909; JP 85200872 A 850910; JP 85209753 A 850920 

Applic (Number,Kind,Date): EP 86112487 A 860909 

Designated States: (National) DE; FR; GB; NL 

IPC: * H01L-021/203; C30B-023/02; C30B-029/40 

CA Abstract No: * 106(24)205723S 

Derwent WPI Acc No: * C 87-081418 

JAPIO Reference No: * 1 10245E000048; 1 10245E000157; 1 10265E000078 
Language of Document: English 
Patent (Number,Kind,Date): EP 215436 Bl 930317 
METHOD OF GROWTH OF THIN FILM LAYER FOR USE IN A COMPOSITE SEMICONDUCTOR 
(English; French; German) 

Patent Assignee: SUMITOMO ELECTRIC INDUSTRIES (JP) 
Author (Inventor): MATSUI YUICHI OSAKA WORKS OF S (JP) 

Priority (Number,Kind,Date): JP 85198878 A 850909; JP 85200872 A 850910; JP 85209753 A 850920 



http://toolkit.dialog.com/intranet/cgi/present?STYLE= 1 360084482&PRESENT=DB=345,AN= 1 2 1 56. 11/15/01 



Dialog Results 



Page 5 of 8 



Applic (Number,Kind,Date): EP 86112487 A 860909 
Designated States: (National) DE; FR; GB; NL 
IPC: * H01L-021/203; C30B-023/02; C30B-029/40 
^ CA Abstract No: * 106(24)205 723 S 

Derwent WPI Acc No: * C 87-081418; C 92-278031 

JAPIO Reference No: * 1 10245E000048; 1 10245E000157; 1 10265E000078 

Language of Document: English 



European Patent Office (EP) • 
Number Type Date Code 

EP P 850909 EP AA 
215436 

EP P 850910 EPAA 
215436 

EP P 850920 EP AA 
215436 

EP P 860909 EP AE 
215436 

EP P 870325 EP AK 
215436 



EP P 870325 EP A2 
215436 

EP P 890208 EP AK 
215436 



EP P 890208 EP A3 
215436 

EP P 890712 EP17P 
215436 

EP P 910619 EP17Q 
215436 

EP P 920819 EP AH 
215436 

EP P 930317 EPAK 



Legal Status 
Text 

PRIORITY (PATENT 
APPLICATION) 

JP 85198878 A 850909 

PRIORITY (PATENT 
APPLICATION) 

JP 85200872 A 850910 

PRIORITY (PATENT 
APPLICATION) 

JP 85209753 A 850920 

EP-APPLICATION 

EP 86112487 A 860909 

DESIGNATED CONTRACTING 
STATES IN AN APPLICATION 
WITHOUT SEARCH REPORT 

DE FR GB NL 

PUBLICATION OF 
APPLICATION WITHOUT 
SEARCH REPORT 

DESIGNATED CONTRACTING 
STATES IN A SEARCH 
REPORT 

DE FR GB NL 

SEPARATE PUBLICATION OF 
THE SEARCH REPORT (ART. 
93) 

REQUEST FOR 
EXAMINATION FILED 

890505 

FIRST EXAMINATION 
REPORT 

910502 

DIVISIONAL APPLICATION 
(ART. 76) IN: 

EP 499294 P 

DESIGNATED CONTRACTING 



(PRIORITAET 
(PATENTANMELDUNG)) 

(PRIORITAET 
(PATENTANMELDUNG)) 

(PRIORITAET 
(PATENTANMELDUNG)) 

(EUROPAEISCHE ANMELDUNG) 



(IN EINER ANMELDUNG OHNE 
RECHERCHENBERICHT 
BENANNTE VERTRAGSSTAATEN) 

(VEROEFFENTLICHUNG DER 
ANMELDUNG OHNE 
RECHERCHENBERICHT) 

(IN EINEM RECHERCHENBERICHT 
BENANNTE VERTRAGSSTAATEN) 



(GESONDERTE 
VEROEFFENTLICHUNG DES 
RECHERCHENBERICHTS (ART. 93)) 

(PRUEFUNGSANTRAG GESTELLT) 



(ERSTER PRUEFUNGSBESCHEID) 



(TEILANMELDUNG (ART. 76) IN:) 



(IN EINER PATENTSCHRIFT 



http://toolkit.dialog.com/intranet/cgi/present?STYLE=l 360084482&PRESENT=DB=345,AN=1 2 1 56. 11/15/01 



Dialog Results 



Page 6 of 8 



215436 



EP P 
215436 

EP P 
215436 



EP P 
215436 

EP P 
215436 

EP P 
215436 

EP P 
215436 

EP P 
215436 

EP P 
215436 



EP P 
215436 



EP P 
215436 

EP P 
499294 

EP P 
499294 

EP P 
499294 

EP P 
499294 

EP P 



930317 EPB1 



STATES MENTIONED IN A 
PATENT SPECIFICATION 

DE FRGBNL 

PATENT SPECIFICATION 



9303 17 EP XX MISCELLANEOUS: 



ANGEFUEHRTE BENANNTE 
VERTRAGSSTAATEN) 

(PATENTSCHRIFT) 
(DIVERSES:) 



TEILANMELDUNG 92107691.5 
EINGEREICHT AM 09/09/86. 

930422 EP REF CORRESPONDS TO: (ENTSPRICHT) 



930709 EP ET 



930811 GB 



DE 3688028 P 930422 

FR: TRANSLATION FILED 



(FR: TRADUCTION A ETE REMISE) 



REGISTER NOTED 'LICENCES 
746/REG OF RIGHT (SECT. 46/1977) 

930715 

931217 FR WILLINGNESS TO GRANT (ADMISSION D'UN BREVET AU 

DL/REG LICENSES ADMITTED BY THE REGIME DE LA LICENCE DE 
DIRECTOR OF INPI DROIT) 
940309 EP 26N NO OPPOSITION FILED (KEIN EINSPRUCH EINGELEGT) 



980429 EP GBPC GB: EUROPEAN PATENT 
CEASED THROUGH NON- 
PAYMENT OF RENEWAL FEE 

970909 

980602 EP NLV4 NL: LAPSED OR ANNULED 
DUE TO NON-PAYMENT OF 
THE ANNUAL FEE 



980703 FR 

ST/REG 

850909 EP AA 



850910 EP AA 



850920 EP AA 



860909 EP AE 



980401 
LAPSED 

PRIORITY (PATENT 
APPLICATION) 

JP 85198878 A 850909 

PRIORITY (PATENT 
APPLICATION) 

JP 85200872 A 850910 

PRIORITY (PATENT 
APPLICATION) 

JP 85209753 A 850920 

EP-APPLICATION 



(NL: WEGENS NIET BETALEN VAN 
EEN JAARCIJNS VERVALLEN) 



(CONSTAT ATION DE 
DECHEANCES) 

(PRIORITAET 
(PATENTANMELDUNG)) 

(PRIORITAET 
(PATENTANMELDUNG)) 

(PRIORITAET 
(PATENTANMELDUNG)) 

(EUROPAEISCHE ANMELDUNG) 



EP 92107691 A 860909 
9208 19 EP AC DIVISIONAL APPLICATION (TEILANMELDUNG (ART. 76) AUS:) 



http://toolkit.dialog.com/intranet/cgi/present?STYLE=1360084482&PRESENT=DB=345,AN=12156. 11/15/01 



Dialog Results 



Page 7 of 8 



499294 



EP 

499294 



EP 

499294 



EP 

499294 



EP 

499294 



EP 

499294 



P 



P 



P 



920819 EPA1 



920819 EP AK 



920819 EP 17P 



941221 EP 17Q 



951115 EP 18D 



(ART. 76) OF: 
EP 215436 P 

DESIGNATED CONTRACTING (IN EINER ANMELDUNG 

STATES IN AN APPLICATION BENANNTE VERTRAGSSTAATEN) 

WITH SEARCH REPORT 

DE FR GB NL 

PUBLICATION OF (VEROEFFENTLICHUNG DER 

APPLICATION WITH SEARCH ANMELDUNG MIT 
REPORT RECHERCHENBERICHT) 

REQUEST FOR (PRUEFUNGSANTRAG GESTELLT) 

EXAMINATION FILED 

920507 

FIRST EXAMINATION (ERSTER PRUEFUNGSBESCHEID) 

REPORT 

941107 

AS WITHDRAWN ARE (ALS ZURUECKGENOMMEN 

CONSIDERED: GELTEN) 

950518 



Japan (JP) 

Patent (Number,Kind,Date): JP 62058613 A2 870314 

THIN FILM GROWTH METHOD (English) 

Patent Assignee: SUMITOMO ELECTRIC INDUSTRIES 

Author (Inventor): MATSUI YUICHI 

Priority (Number,Kind,Date): JP 85198878 A 850909 

Applic (Number,Kind,Date): JP 85198878 A 850909 

IPC: * H01L-021/203; H01L-021/26; H01L-029/80 

JAPIO Reference No: * 11 0245E000048 

Language of Document: Japanese 
Patent (Number,Kind,Date): JP 62060218 A2 870316 

THIN FILM GROWTH METHOD (English) 

Patent Assignee: SUMITOMO ELECTRIC INDUSTRIES 

Author (Inventor): MATSUI YUICHI 

Priority (Number,Kind,Date): JP 85200872 A 850910 

Applic (Number,Kind,Date): JP 85200872 A 850910 

IPC: * H01L-021/203; H01L-021/26; H01L-029/80 

JAPIO Reference No: * 1 10245E0001 57 

Language of Document: Japanese 
Patent (Number,Kind,Date): JP 62069508 A2 870330 

MANUFACTURE OF COMPOUND SEMICONDUCTOR DEVICE (English) 

Patent Assignee: SUMITOMO ELECTRIC INDUSTRIES 

Author (Inventor): MATSUI YUICHI 

Priority (Number,Kind,Date): JP 85209753 A 850920 . 

Applic (Number,Kind,Date): JP 85209753 A 850920 

IPC: * H01L-021/203; H01L-021/26; H01L-029/80 

JAPIO Reference No: * 1 10265E000078 

Language of Document: Japanese 



http://toolkit.dialog.com/intranet/cgi/present?STYLE=l 360084482&PRESENT=DB=345,AN=121 56. 11/15/01 



Dialog Results Page 8 of 8 

INPADOC/Family and Legal Status 

© 2001 European Patent Office. All rights reserved. 

Dialog® File Number 345 Accession Number 1 2 1 565 1 0 



http://toolkit.dialog.com/intranet/cgi/present?STYLE= 1 360084482&PRESENT=DB=345,AN= 1 2 1 56. 11/15/01 



